We use neutron diffraction and muon spin relaxation to study the effect of in-plane uniaxial pressure on the antiferromagnetic (AF) orthorhombic phase in BaFe2As2 and its Co-and Nisubstituted members near optimal superconductivity. In the low temperature AF ordered state, uniaxial pressure necessary to detwin the orthorhombic crystals also increases the magnetic ordered moment, reaching an 11% increase under 40 MPa for BaFe1.9Co0.1As2, and a 15% increase for BaFe1.915Ni0.085As2. We also observe an increase of the AF ordering temperature (TN ) of about 0.25 K/MPa in all compounds, consistent with density functional theory calculations that reveal better Fermi surface nesting for itinerant electrons under uniaxial pressure. The doping dependence of the magnetic ordered moment is captured by combining dynamical mean field theory with density functional theory, suggesting that the pressure-induced moment increase near optimal superconductivity is closely related to quantum fluctuations and the nearby electronic nematic phase. Understanding the behavior of magnetism in iron superconductors continues to be an important topic in modern condensed matter physics because spin excitations may mediate electron pairing for high-temperature superconductivity [1] [2] [3] [4] [5] [6] [7] . Some of the earliest work in this field determined that iron pnictides such as LaFeAsO [1, 2] and BaFe 2 As 2 [Figs. 1(a) and 1(b)] [3] [4] [5] form static stripe antiferromagnetic (AF) order at T N preceded by a tetragonal-to-orthorhombic structural transition of the lattice at T s (T N ≤ T s < 300 K). While AF order may be a spin-density wave (SDW) from nesting of hole and electron Fermi surfaces at the Γ and X points in the one-iron Brillouin zone [Figs. 1(c) and 1(d)], respectively [8] [9] [10] [11] , it may also originate from localized moments on individual Fe sites [12] [13] [14] [15] .
Upon hole doping to form Ba 1−x Na x Fe 2 As 2 , a magnetically ordered state with restored tetragonal symmetry is found near optimal superconductivity, replacing the stripe AF ordered state [16, 17] . Mössbauer spectroscopy experiments find real space modulation of magnetic moments on Fe sites, thus conclusively establishing that the magnetic order with tetragonal symmetry is a SDW from itinerant electrons [18] . For electron doped BaFe 2−x T x As 2 (T =Co, Ni), long-range commensurate stripe magnetic order in BaFe 2 As 2 evolves into shortrange incommensurate magnetic order near optimal superconductivity [19, 20] , due possibly to a SDW order [19] or a cluster spin glass [21] [22] [23] . While these results suggest a rich variety of magnetic ground states for superconducting iron pnicitdes, nematic order has recently been identified as a unifying feature near optimal superconductivity, seen via the resistivity anisotropy induced by in-plane mechanical strain [24] . Since nematic order couples linearly to anisotropic strain of the same symmetry [25, 26] , a determination of the effect of uniaxial pressure on magnetism of iron pnictides should reveal if the observed nematic susceptibility [24] is associated with magnetic order and spin excitations.
Without uniaxial strain, BaFe 2−x T x As 2 forms twinned domains in the orthorhombic state, with AF Bragg re- flections occurring at (±1, 0, L) and (0, ±1, L) (L = 1, 3, 5, . . .) [7] . Uniaxial pressure has been used to mechanically detwin single crystals by compressing along one axis of the orthorhombic lattice, creating a preferred orientation for microscopic domains [27] [28] [29] . However, even the modest amount of pressure necessary for detwinning (∼10 MPa) also induces a significant (∼1-2 K) upward shift of T N in electron-doped BaFe 2 As 2 [30] [31] [32] [33] [34] , and changes T s into a crossover with orthorhombic lattice distortion at all temperatures [35] . One study combining a phenomenological Ginsburg-Landau model with density functional theory (DFT) calculations under uniaxial strain suggest that the magnetic ordered moment of BaFe 2 As 2 decreases under pressure [36] , in agreement with the experimentally observed decrease in the combined magnetic scattering at (±1, 0, L) and (0, ±1, L) [30, 31] . However, the bulk-averaged nature of neutron measurements cannot distinguish a change in magnetic volume fraction from a changing ordered moment. To conclusively determine the effect of uniaxial strain on magnetic order, one must combine neutron scattering with a probe such as muon spin relaxation (µSR) [37, 38] .
In this paper, we use neutron diffraction, µSR, and combined DFT and dynamical mean field theory (DMFT) calculations [Figs. 1(f), 1(g), and 1(h)] [39, 40] to study the effect of uniaxial pressure on the AF phase transition in BaFe 2−x T x As 2 . In BaFe 2 As 2 , the sample achieves nearly 100% detwinning for pressures above ∼10 MPa [ Fig. 2(b) ], while the ordered magnetic moment remains constant or reduces very slightly, resulting in a doubling of the neutron magnetic scattering intensity [ Fig. 2(a) ] from the majority-domain Bragg reflections Q strong = (±1, 0) and elimination of magnetic scattering from the minority domains Q weak = (0, ±1) [Figs. 2(c) and 2(d)]. By contrast, in BaFe 1.915 Ni 0.085 As 2 , the scattering intensity at Q strong = (±1, 0) more than doubles for pressures greater than ∼30 MPa [ Fig. 3(a) ]. We also use µSR to show the magnetic volume fraction is not changing while the internal magnetic field at the muon site is increasing, conclusively establishing that the magnetic ordered moment is increasing under uniaxial strain. We also find the magnetic ordering temperature for dif- For clarity, the vertical scale of each scan has been slightly adjusted to represent the total magnetic scattering intensity, using the integrated intensity of a rocking scan measured immediately prior to warming. (f) Shift in AF ordering temperature ∆TN = T (P) [11] . ferent iron pnictides [20] increases at approximately the same rate T (P) Fig. 2 (f) and 3(b)], consistent with our DFT calculations of the nesting condition under pressure [11] . Our µSR measurements also demonstrate that the AF phase transition is broadened, indicating that the internal uniaxial strain has a distribution for a nominally constant induced stress.
For our combined DFT and DMFT calculations in the collinear AF state, we use the experimental crystal structure and the same Coulomb interactions used previously for BaFe 2 As 2 [39, 40] . We find that uniaxial strain does indeed enhance the ordered moment for BaFe 1.915 Ni 0.085 As 2 (Fig. 3) , and that the effect be- comes larger for samples close to optimal superconductivity. The inset in Figure 1(f) shows the dependence of the ordered magnetic moment on doping (x) and distortion (δ = (a − b)/(a + b)), which supports a much larger increase of the magnetic moment in the doped compounds for fixed δ = 0.38%, corresponding to about 30 MPa in the parent compound. In Figure 1 (f), we fix the dis-tortion δ = 0.0013 corresponding to about 10 MPa in the parent compound [35] , and plot the ordered moment with (M at a > b) and without uniaxial pressure (M 0 at a = b). Using these results, in Fig. 1(g) we define a sus-
which is small in the parent compound but shows diverging behavior near x = 0.1 (dashed line). Because fixing the distortion δ = 0.0013 corresponds to a greater applied uniaxial pressure for the doped samples due to the larger bulk modulus in those compounds [26] , the overplotted experimental points from neutron and µSR measurements may underestimate the moment increase relative to the calculated points. Nevertheless, we find clear similarity between the theoretical and experimental results, implying that the divergence of the nematic susceptibility [24] have a magnetic origin.
Figure 1(e) shows the schematic phase diagram of BaFe 2−x Ni x As 2 , where Fig. 1(a) and 1(b) show the AF unit cell and Bragg peak positions in reciprocal space, respectively [7] . By gradually applying uniaxial pressure along the b-axis direction of the orthorhombic structure, the sample becomes increasingly detwinned, which enhances the Q strong = (±1, 0) Bragg peak while the Q weak = (0, ±1) peaks become extinguished [red and blue dots in Fig. 1(b) ] [30] [31] [32] [33] . The striped brown boxes in Fig. 1(a-b) represent the low-temperature magnetic unit cell and its equivalent area in Q space, while in green we show the configurations for a single Fe ion [11] . Consistent with earlier work [30, 31] , we find that pressure both enhances and broadens the magnetic phase transition. The rocking curves [ Fig. 2(c-d) ] at (1, 0, 5) and (0, 1, 5) were collected at IN8 at 90 K [34] . The pressure dependence of the detwinning ratio, defined as η = (I 10 − I 01 )/(I 10 + I 01 ), and total scattering intensity I total = (I 10 + I 01 )/(I 10 + I 01 ) P =0 from both experiments are also included in Fig. 2(b) , which shows a very small reduction in I total between 0 and 5 MPa. Fig. 2 (e-f) shows the effect of pressure on the magnetic ordering temperature [11] . Figure 3 summarizes the uniaxial pressure dependence in BaFe 1.915 Ni 0.085 As 2 . In a twinned sample, the elastic magnetic scattering intensity at (1, 0, 3) should be equal to that at (0, 1, 3), ignoring absorption and other instrumentation effects [11] . If magnetic moments do not react to the applied uniaxial pressure, one would expect the scattering intensity for a fully detwinned sample to at most double at the (1, 0, 3) position, such as in Fig.  2 (a) for BaFe 2 As 2 . Figure 3 (a) shows this is not the case: the scattering intensity at 20 K rises by a factor of ∼2.5 from 0 to 40 MPa. Considering the detwinning effect, this corresponds to a 25% increase in the scattering cross-section, which is proportional to the squared magnetic ordered moment (M 2 ). Fig. 3 (c-d) shows the temperature dependence of the strong Bragg reflection, measured in the [H, 0, 0]×[0, 0, L] scattering plane, which decreases below 20 K due to the onset of superconductivity [41, 42] . There is also a slight decrease in T c under uniaxial pressure [11, 43] . Figure 3 (e-f) shows that the combined scattering from Q strong and Q weak nearly doubles in intensity from zero to large uniaxial pressure (> 50 MPa) [11] . Using these data and the measured magnetic moment of M = 0.08 µ B /Fe for BaFe 1.915 Ni 0.085 As 2 [20] , we estimate an increase in magnetic moment from 0.08 µ B /Fe to 0.092 µ B /Fe.
To disentangle the magnetic volume fraction from the ordered moment in BaFe 1.915 Ni 0.085 As 2 , we carried out µSR measurements using the same crystal and under the same conditions [11] . We implanted muons with the spin polarization along the sample a-axis and observed fast relaxation due to a build-up of the static internal magnetic field. From the ZF-µSR time spectra in [11] , we obtained the fast relaxation rate λ in Fig. 3 (g), which is linearly proportional to the size of the local static magnetic moment (M ), together with the volume fraction V M of magnetically ordered regions in Fig. 3(h) . In addition to confirming the pressure-induced T N increase [ Fig. 1 (h)], we find that the relaxation rates at T = 20 K and T = 3 K exhibit a ∼10-20% increase from 2.5 MPa to 40 MPa [11] , and see a decreasing trend in λ below T c . These µSR results are consistent with the neutron results, where the ∼25% increase from 2.5 MPa to 40 MPa (after detwinning is considered) is seen in the scattering intensity [ Fig. 3 We carried out similar µSR measurements on BaFe 1.9 Co 0.1 As 2 (T N = 70 K). In a zero field environment, we observe oscillations in the time spectra that indicate the presence of long-range order, different from the spectra in BaFe 1.915 Ni 0.085 As 2 [11] where the larger doping causes the magnetic fields to lose coherence [11, 35, 37, 38, 46] . Assuming two muon stopping sites in BaFe 2−x Co x As 2 [11] , we fit the short-time coherent relaxation with a two-cosine function, separately fitting both frequencies for each temperature and uniaxial pressure, while globally constraining the other free parameters such as relaxation rates [11] . As the doping increases and the ordered magnetic moment correspondingly decreases, it is natural to expect that quantum fluctuations, including those related to a nematic quantum critical point [24] , become important. Here we have demonstrated that an in-plane symmetrybreaking field is more effective in enhancing the ordered magnetic moment for nearly optimally doped iron pnictides. The corresponding decrease in T c is consistent with the view that by slightly increasing the orthorhombicity, the doped system effectively shifts leftward on the phase diagram (toward the parent compound), and demonstrates that in-plane lattice distortion is a mechanism by which magnetism directly competes with superconductivity. Since the doped compounds react much more sensitively to uniaxial pressure, the enhanced magnetic properties demonstrate the sensitivity of magnetism to quantum fluctuations near optimal superconductivity, suggesting that nematic order is associated with both magnetism and optimal superconductivity in iron pnictides [24, 25] . Elastic neutron scattering measurements on BaFe 2 As 2 were carried out at the HB-1A and IN8 spectrometers, respectively at the High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory, Oak Ridge, Tennessee, and the Institut Laue-Langevin, Grenoble, France. Measurements on BaFe 1.915 Ni 0.085 As 2 were conducted at HB-1A and at the BT-7 triple-axis spectrometer at the NIST Center for Neutron Research, Gaithersburg, Maryland [1] . The µSR measurements were carried out on the LAMPF spectrometer at the M20D surface muon channel at TRIUMF, Vancouver, Canada. The methods and apparatus used to apply pressure are somewhat different between the experiments, as described below. The wave vector Q in three-dimensional reciprocal space inÅ −1 is defined as Q = Ha * +Kb * +Lc * , where H, K, and L are Miller indices and a * =â2π/a, b * =b2π/b, c * =ĉ2π/c are reciprocal lattice units (rlu). In the low-temperature AF orthorhombic phase of BaFe 2 As 2 , a ≈ 5.69Å, b ≈ 5.61Å, and c ≈ 12.953Å [2] .
We prepared high quality single crystals of BaFe 2−x T x As 2 using the self-flux method. The samples were cut into square shapes approximately 10 × 10 × 1 mm in size along the orthorhombic a/b directions using a fine-precision wire saw. Different mechanical devices were used to apply uniaxial pressure, as described below and previously [3] [4] [5] .
In all neutron experiments, the integrated intensity was determined from fits to rocking curves using a Gaussian function on a linear background, except as noted below. The error bars for integrated intensity were computed by letting each fit parameter vary over its confidence interval as determined by the fitting algorithm, and determining the global maximum and minimum, which is used as the value of the error bar. Horizontal error bars reflect our best estimate of the applied uniaxial pressure. Temperature scans were collected under warming controlled by a temperature sensor located nearby the sample and a heating element. Nuclear (structural) peaks were measured for all experiments and found not to evolve with pressure to very high precision. Tripleaxis spectrometers used in the present experiments do not have the resolution capable of resolving the twinned orthorhombic peaks.
For experiments at HB-1A on BaFe 2 As 2 , the crystal was aligned in the [1, −1, 0]×[1, 1, 2] scattering plane (orthorhombic notation), allowing access to both (1,0,1) and (0,1,1) magnetic Bragg peaks. The sample was mounted in an aluminum can filled with helium buffer gas and connected to a closed-cycle refrigerator (CCR). Uniaxial pressure was applied by compressing a spring at room temperature and then cooling the apparatus with no further changes to the spring. Rocking curves were collected at base temperature as well as above and below T N ≈ 140 K. In this experiment, we fitted the rocking scans to two Gaussian functions in order to accommodate the small minority domain we identified from the nuclear Bragg peak rocking curves. The two Gaussian functions were separated by fixed width for each Bragg position. After reaching base temperature, the sample was warmed to 120 K to collect temperature scans across T N at one magnetic Bragg peak; then the sample was cooled to roughly 100 K before repeating the scan at the opposite twin position, and again for the (-2,2,0) nuclear peak. The temperature scans across T N were collected under a relatively fast warming rate of 1 K per 75 seconds.
At IN8, the BaFe 2 As 2 crystal was aligned in the [−1, 0, −5] × [0, 1, 5] plane using the combined Flat-Cone rotation of the sample and detector as in Ref. [6] . The sample environment was a standard orange (liquid helium) cryostat. Uniaxial pressure was applied by adjusting the spring length from a dial micrometer located outside the cryostat, using a specially designed in-situ control rod [6] . The virgin sample was cooled from 300 to 90 K and pressure was systematically increased to the nominal values shown in Fig. 2 by turning the dial micrometer. The maximum pressure scans were measured first, and the pressure was released in steps back into the fully twinned scenario. We do not expect the order of scans to have any effect on the data. We note that using density functional theory, Tomić et al. [7] calculated a critical pressure of nearly 200 MPa required to flip the stripe direction of a microscopic magnetic domain in the low-temperature state; here we observe 100% detwinning with less than 10 MPa. At IN8, the rocking curves were collected by counting for 4 seconds per point. For both the HB-1A and IN8 experiments, the pressure values were calibrated in absolute units using the compressed distance and the manufacturer's measurement of the spring constant at room temperature. The systematic errors stemming from the temperature dependence of the spring are unknown, but are not expected to be large.
At BT-7, we aligned the BaFe 1.915 Ni 0.085 As 2 crystal in the [1, −1, 0]×[1, 1, 6] scattering plane, allowing access to (1,0,3) and (0,1,3), which have higher magnetic scattering intensity that (1,0,1) and (0,1,1) . We did not use a spring, but simply tightened a piece of aluminum against the sample edge with a large amount of force applied by a thumbscrew. The absolute pressure is not known although we believe it is larger than 50 MPa. In SFigure 1, we show the evolution of the strong and weak Bragg peaks in BaFe 1.915 Ni 0.085 As 2 as observed in the BT7 experiment. We note the very large increase in the strong reflection and the complete loss of signal in the weak reflection. Due to the use of the [1, 0, 3] HB-1A using the pneumatic uniaxial pressure device described below, mounted vertically (pressure applied downward) in a standard orange (liquid helium) cryostat. In this case, the scattering plane is [1,
Determining TN from neutron data.
For all temperature scans, T N was calculated at each value of uniaxial pressure using four different methods, and the vertical error bars in Fig. 1 represent the differences among the methods:
1. The maximum slope dM/dT of the scan, after filtering by a windowed moving-average.
2. The T -axis intercept of a linear fit to a few points nearby the temperature that maximizes dM/dT .
3. The temperature at which the intensity settles to twice its high-temperature background value.
4. The temperature that maximizes the second derivative
The differences in T N between the scans at different pressures are compared with the zero pressure scan, and the derived values for T N represents the mean of these methods. The variability between the methods causes our estimates of the changes in T N to be far more precise (∼0.5-1 K) than the values for T N themselves.
To explain precisely how we use this information, we show the results of the different methods in SFigure 2. In Figure 1(d) in the main text, we show the differences in T N for BaFe 2 As 2 rather than the calculated T N itself, in order to compare between the HB-1A and IN8 experiments, which used different samples with slightly different T N in the unstrained case. For this data, the error bars represent the difference between the extreme and the mean using the different T N methods. On the other hand, in Figure 1 Pneumatic uniaxial pressure apparatus used at HB-1A and M20.
In order to control uniaxial pressure with better precision than the spring-based clamps, and to ensure that the pressure remains constant regardless of thermal contraction of the sample and apparatus, we designed a uniaxial pressure device based on a pneumatic thruster in a feedback-controlled loop (SFigures 3 and 4). Drawing air from a standard compressed gas cylinder, an electronically-controlled regulator (Proportion Air MPV1PBNEEZP150PSGAXL) was used to regulate the pressure in the reservoir of a linear thruster. The thruster piston was rigidly connected to a stainless steel tube passing inside an outer stainless steel tube, with both tubes running the length of the cryostat, and the inner tube pushing the sample against an all-aluminum frame held by the outer tube. The sample mount accommodate an adjustable position and pressure applied via the application of force from the linear thruster through the inner stainless steel tube. Outside the cryostat, one or more springs push against rigid plates attached to the inner stainless steel tube, in order to balance the weight of the device, to provide stiffness to overcome any friction in the system, and to provide flexibility in the mechanical linkage in order to keep the outputs stable and ensure good calibration even at low absolute pressures. A digital interface connected through a low-cost ADC allowed computer control of the regulator feedback loop setpoint over USB, which we integrated into the native software environment at both facilities.
Temperature control was achieved by mounting a sensor in thermal contact with the aluminum sample holder, and by mounting garolite baffles at several positions along the outer stainless steel tube. The temperatureinduced differential length change along the length of both inner and outer stainless steel tubes is nominally identical, and therefore applies only small additional forces during temperature sweeps.
For the µSR experiments on the BaFe 1.9 Co 0.1 As 2 sample, we used an improved version of the apparatus (SFigure 5) containing a load cell to measure and monitor the compression force in the inner stainless steel tube. The load cell is located inside the cryostat vacuum space and is therefore a direct probe of the force on the sample. We use the load cell output signal as the error signal for a second negative feedback loop, which maintains a constant thrusting force over long periods of time and wide temperature sweeps. The secondary feedback loop was controlled with a Labview interface. With the second loop closed, we monitored the actual regulator output and found that the pressure required to maintain constant force (as measured by the load cell) changes a small amount when the cryostat is at different temperatures.
The amount of aluminum around the sample was minimized in order to reduce the background, and in the case of µSR to provide a clear window for the muons to reach the sample. The crystal was free standing inside the aluminum sample holder, with no other external forces on the crystal. At M20, we added an additional mask over the sample holder to prevent muons from stopping in the 6061 aluminum, which contains some elemental impurities that could be magnetic; for the BaFe 1.915 Ni 0.085 As 2 crystal, we used a highly pure aluminum mask, and for the BaFe 1.9 Co 0.1 As 2 crystal a pure silver mask.
During the experiments, we stepped the pressure in steps of about 2-3 MPa, always reaching the setpoint from a lower pressure (except in the near-zero-pressure region), in order to overcome any mechanical hysteresis of the apparatus. In all experiments, the sample was warmed above T N before changing the pressure, then cooled to base temperature (<5 K), then warmed to the temperature under consideration. In the HB-1A experiments, the spectrometer was re-aligned to the nuclear peaks at base temperature before every measurement, although we only found only a tiny displacement of the sample between the zero-and finite-pressure warming cycles, with essentially no displacement as a function of pressure.
Low temperature properties of BaFe1.915Ni0.085As2.
In SFigure 6, we compare the temperature dependence of the strong Bragg position Q strong in BaFe 1.915 Ni 0.085 As 2 at P = 0, 20, and 40 MPa, and with 40 MPa applied at room temperature and released at base temperature. The upper figure shows raw data and contains multiple temperature scans collected under each condition after thermal cycling above ∼ 60 K, which shows excellent agreement; for clarity, we combine neighboring points (groups of 5) and plot the same data in the lower figure. Comparing the 40 MPa data (brown) with the released data (red), it is clear the crystal does not relax into the fully twinned configuration (blue) [6] . Upon warming, the crystal becomes fully twinned again near 15-20 K. The increased hardness of the material below T c has been previously observed in measurements of the shear modulus, and interpreted as evidence that the magnetism and lattice elasticity are entwined above T c [8, 9] . We also find that uniaxial pressure slightly decreases T c of BaFe 1.915 Ni 0.085 As 2 .
To understand the effect of flipping a single domain within the low-temperature region, we cooled the sample under unstrained conditions and then began applying pressure up to the maximum of ∼ 40 MPa, shown in SFigure 7. We note a marked decrease in the effectiveness of uniaxial pressure in detwinning the crystal in this temperature range. This data also makes evident the necessity of warming in order to effectively apply uniaxial pressure.
SFigure 5: Improved apparatus utilizing the secondary load cell.
µSR experimental setup and raw data.
Since µSR can measure the magnetically ordered volume fraction and the ordered moment size independently from one another, it is ideally suited for assessing the detwinning effect on the magnetism of this material under uniaxial stress. An overview of the µSR technique can be found in [10] . At TRIUMF, 500 MeV protons collide with the surface of a light-nucleus target to produce pions, which quickly decay into (positive) muons that are completely spin-polarized opposite to the beam momentum. The muons are magnetically steered and focused onto the sample, where they dissipate energy until coming to rest within 1 ns at specific interstitial sites, without losing polarization. After a mean lifetime of 2.2 µs, the muons decay into positrons; due to maximal parity violation of the weak interaction, positrons are preferentially emitted in the direction of the muon spin, which has been precessing about the local magnetic field. The direction and magnitude of the internal field can then be probed by scintillators that detect the outgoing positron directions.
We rotated the muon spins in crossed electric and magnetic fields as they travel to the target, polarizing the spins to within 15 degrees of the downward-facing direction, which was along the sample a-axis (See Fig.  1(a) in the main text) . The sample was mounted sideways in the OMNI-LAMPF spectrometer within a helium buffer gas cryostat, with uniaxial pressure applied horizontally along b, and c facing into the beam. The sample was masked by placing a sheet of pure aluminum metal (pure silver for the BaFe 1.9 Co 0.1 As 2 crystal) over the entire sample holder, with a small opening to allow incident muons to impinge on the sample. The position of the cryostat was tuned by attaching a piece of nickel foil (which depolarizes the muons) over the mask window, then adjusting the cryostat position to minimize the paramagnetic asymmetry.
In SFigure 8, we demonstrate the asymmetry versus decay time as a function of temperature fo the BaFe 1.915 Ni 0.085 sample, at three values of uniaxial pressure studied (2.5, 20, and 40 MPa) in the zero-field (ZF) environment. The time spectra exhibit no oscillatory behavior and quickly relax at low temperatures within the first 0.5 microseconds. These observations indicate that the internal field is spatially disordered and inhomogeneous, in agreement with previous work on electrondoped BaFe 2 As 2 [? ]. We modeled the ZF time spectra using a combination of a short-decay exponential and two Gaussian functions. Specifically, the ZF asymmetry time spectra were fit according to the model
(1) SFigure 6: Effect of releasing pressure at base temperature after cooling from >60 K under pressure.
where A(t) is the polarization function as a function of time; A b and A s are the asymmetry contributions from the background (sample holder) and sample, respectively; σ b and σ para are the Gaussian relaxation rates of the background and paramagnetic regions of the sample, respectively; λ is the exponential relaxation rate for the magnetically ordered regions of the sample; and F is the fractional contribution of the ordered phase to the sample asymmetry satisfying 0 ≤ F ≤ 1. Under this model of the ZF asymmetry spectra, the ordered moment size is proportional to the fast relaxation rate λ and F is proportional to the magnetically ordered volume fraction of the sample. This model was statistically refined against the experimental data using the musrfit software package with several parameters constrained globally, such as the fraction of the signal originating from the sample, and SFigure 7: Effect of uniaxial pressure controlled in-situ at low temperature. After cooling to base temperature in the pneumatic apparatus under ambient (unstrained) conditions, the sample was warmed to the temperature indicated and a rocking curve collected. Each point in the figure represents the integrated intensity of a Gaussian fit to the rocking curve.
the total asymmetry.
The relaxation rates in the BaFe 1.915 Ni 0.085 crystal appear to be peaked at T ∼ 20 K, with the 40 MPa rate nearly 20% greater than the relaxation rate at ambient pressure, suggesting that the magnetism is enhanced with increasing uniaxial strain. Despite the relatively low µSR statistics, the temperature and pressure dependence of the magnetic order parameter is consistent with the neutron scattering results. Additional µSR experiments were conducted with an external field applied longitudinally to the muon spin (a-axis), yielding time spectra that exhibit no critical spin dynamics.
In SFigures 9 and 10, we demonstrate the asymmetry versus decay time as a function of temperature fo the BaFe 1.9 Co 0.1 As 2 sample in the zero-field (ZF) environment. As stated in the main text, we observed longer-lived oscillations in this sample that are more indicative of coherent long range order compared to the BaFe 1.915 Ni 0.085 sample. We performed experiments at P=8, 20, and 40 MPa inside the uniaxial pressure instrument, and for the 0 pressure case the sample was transferred into the standard low-background sample holder where it is held in place with mylar tape. In the instrument, we found about a 4:1 ratio of muons stopping in the silver mask versus those stopping in the sample. Thus, at high temperature the muons landing in the paramagnetic sample are essentially impossible to detect underneath this background, and we have effectively absorbed its contribution as a small correction to the background term. We find the background function to then be differ- ent in this experiment compared to the BaFe 1.915 Ni 0.085 experiment, that we attribute to the use of a silver mask instead an aluminum mask, which may support a different paramagnetic response due to differing levels of impurities, etc. In the ambient pressure case with the mylar tape, the situation is reversed: a Gaussian form describes the paramagnetic relaxation in the BaFe 1.9 Co 0.1 As 2 crystal, as it did in the in the BaFe 1.915 Ni 0.085 experiment, while a very small background signal was observed, which we absorb as a small correction to the paramagnetic relaxation term. The overall model functions are given by
(2) where A(t) is the polarization function as a function of time; A para and A b are the asymmetry contributions from the background/paramagnetic regions for the cases described above, respectively; σ para and λ b are the relaxation rates of the background/paramagnetic regions; F 1 is the fraction of muons stopping at site 1, satisfying 0 ≤ F 1 ≤ 1, which we define as the site with the low (∼2 MHz) oscillation frequency; λ 1 and λ 2 are the relaxation rates, ω 1 and ω 2 are the frequencies, and φ 1 and φ 2 are the phases for the two oscillatory components. Under this model of the ZF asymmetry spectra, the ordered moment size is proportional to the faster cosine frequency ω 2 . After refining all parameters separately except the total asymmetry A para or A para , we found small changes in every parameter and therefore globally constrained all parameters (except omega 1 ) separately for P=0 and for P>0. We find small differences between these global parameters for the cases with and without pressure.
Error bars in main text for neutron and µSR measurements
In Fig. 1(g) of the main text, we determine the increase in magnetic moment for each sample based on linear fits to the data points.
For the µSR experiments on BaFe 1.9 Co 0.1 As 2 , we show the fast cosine frequency data in Fig. 4(a) in the main text. For the point in Fig. 1(g) , we choose the data at T = 25 K, the lowest measured temperature satisfying T > T supercond. . The linear fit has standard errors for slope δ(∆M/∆P ) and intercept δM P=0 , and the error bar is calculated by directly combining the errors, δM P=0 + δ(∆M/∆P ) * 40 MPa.
For the µSR experiments on BaFe 1.915 Ni 0.085 As 2 , we fit the fast relaxation rates at 0, 20, and 40 MPa, at the five lowest temperatures shown in Fig. 3(g ) in the main text, which are in the magnetically saturated region. The error for each temperature is again calculated by directly SFigure 9: Muon decay asymmetry for BaFe1.9Co0.1As2 as a function of time and temperature. The fast relaxing oscillation frequency is directly proportional to the ordered magnetic moment.
combining the standard errors, δM P=0 + δ(∆M/∆P ) * 40 MPa, and the result is averaged to form the error bar in Fig. 1(g ).
For the neutron scattering experiments on BaFe 1.915 Ni 0.085 As 2 , the point was determined from the integral of the rocking scan at maximum pressure (40 MPa) at T = 20 K. The ratio of the integral to the ambient pressure case is 2.528, corresponding to an increase in M 2 by 2.528/2 = 26.4 %, and an increase in M of 12.4 %. The integral error of 0.115 was determined by fitting the scan to a Gaussian peak plus linear background, then letting the fit parameters vary over the range of their respective standard errors and choosing the global maximum, which is an overestimate. Using this result, the error bar is given by the ratio 0.115/2 = 0.057. To account for the overestimate in the integral method, and to account for the added certainty from the two independent measurements near 40 MPa that have nearly the same result, we have reduced this error bar by another factor of 2.
In Fig. 1(h) To better understand the enhancement of the magnetic instability under uniaxial pressure in BaFe 2 As 2 and BaFe 1.915 Ni 0.085 As 2 , we study the magnetic susceptibility in the normal (unstrained) and uniaxially-strained paramagnetic phase within a random-phase approximation (RPA) approach. Several earlier works have presented microscopic models that can account for the increase in T N , but they have relied on pure phenomenology [12, 13] or on effective Hamiltonians based on local moment interactions [7, [14] [15] [16] . In one case, uniaxial pressure was found to reduce the ordered moment of BaFe 2 As 2 [7] . Our calculations consider only the itinerant degrees of freedom, and we show that uniaxial pressure enhances the spin susceptibility at the AF wave vector, thus driving an upward shift in T N for both BaFe 2 As 2 and BaFe 1.915 Ni 0.085 As 2 . We find that the enhancement is mainly a consequence of better Fermi sur- face nesting under uniaxial pressure, while a slight redistribution of orbital weights on the Fermi surface is responsible for symmetry breaking between (±1, 0) and (0, ±1) that creates a preferred orientation for the formation of AF order. This result suggests that the onset of AF order and the low-temperature magnetic properties are deeply connected to the dynamics of the itinerant electrons.
We start by generating tight-binding Hamiltonians using DFT and the Wannier function technique, for the parent compound BaFe 2 As 2 with and without uniaxial distortion. First, we scale the room-temperature lattice parameters for BaFe 2 As 2 (a RT = b RT = 5.60Å and c RT = 13.02Å), to 140 K by interpolating the results of differential capacitance dilatometry measurements [17] , finding a 0 = b 0 = 5.596Å, c 0 = 12.95 A in the stress-free case. To obtain the distortion under 10 MPa, we estimate the lattice asymmetry, δ ab ≡ (a 0 − b 0 )/(a 0 + b 0 ) ≈ 0.0013, from high-precision experimental data on uniaxially-strained BaFe 1.97 Ni 0.03 As 2 at its T N = 120 K [5] . We assume is that the distortion in this case is the same for the parent compound at T N =140 K, and that uniaxial pressure preserves the overall unit cell volume, arriving at a = a 0 (1 + δ) = 5.603Å, b = a 0 (1 − δ) = 5.589Å, with c remaining 12.95Å. This distortion is much smaller than the natural orthorhombic in the low-temperature state (δ ab ≈ 0.075) [18] , and can therefore be viewed as a perturbation. (We note that due to the bilinear coupling of the orthorhombic distortion and the electronic nematic degree of freedom, i.e. simultaneous onset, a small strain field can enhance and even spontaneously generate nematic order [19] .)
The Fermi surface found using these models [SFig. 8(a) and 8(b) ] is similar to that reported in previous calculations [23] . To conduct calculations for BaFe 1.915 Ni 0.085 As 2 , we perform a rigid band shift; in this compound, the bulk modulus is slightly harder and the distortion is equivalent to 30-40 MPa (see main text). The hollow arrows in Figures 1(b) and 1(c) in the main text show the direction of pressure-induced changes in the Fermi surfaces for BaFe 2 As 2 and BaFe 1.915 Ni 0.085 As 2 , respectively, while in SFigures 8(a) and 8(b) we show the three-dimensional Fermi surface for each compound in the one-iron Brillouin zone, with one position of the AF nesting wave vector marked in red.
The Density Functional Theory (DFT) calculations are perfomed with WIEN2K [20] and the Wannier transformation is performed with WIEN2WANNIER [21] and WANNIER90 [22] .The conventional and primitive unit cell are depicted in SFigure 11 . The number of LAPW basis functions was set by RKmax=7 and the k-mesh was taken to be 7x7x7. (For the Wannier transformation a k-mesh of 12x12x12 was used). Atomic relaxations were converged down to 2 mRy/bohr. For the Wannier transformation, the 10 Fe-3d orbitals were projected on bands. In the Wannier90 input file we used num iter=0, dis win min=-2.4, dis win max=3.2 and dis num iter=100.
Our calculation of the static RPA spin susceptibility is identical to that described in our previous work [24] [25] [26] . We calculate the orbital-and momentum-resolved noninteracting dielectric function [28] [29] [30] 
with N Fe =2 the number of iron sites per unit cell, N k the number of grid points in momentum (k) space, band indices µ and ν, orbital indices ℓ. The matrix elements are represented by the orbital projection of the Bloch state, a ℓ µ = ℓ|µk , f [E, kT ] is the Fermi function at temperature T , and the small parameter δ = 0.01 enforces analyticity in the sum over Matsubara frequencies. We sum over a k-space mesh of between 100x100x8 and 160x160x32 points over the 3D Brillouin zone depending on the region of interest. We then account for the interactions U (containing same-and different-orbital Coulomb repulsion U and U ′ as well as Hund's rule and pair-hopping couplings J and J ′ ) using the usual RPA form for the susceptibility, χ RPA = χ 0 /(1 − Uχ 0 ), while constraining U ′ = U/2, J = J ′ = U/4 consistent with local spin rotational invariance [31] . All calculations are done in the paramagnetic state and use an odd integer for L (q z ) enabling a direct comparison with neutron scattering. We choose U = 1.23 eV for BaFe 2 As 2 and U = 1.32 eV for BaFe 1.915 Ni 0.085 As 2 , just below the divergence of χ RPA over the full Brillouin zone in both cases. We generate models with and without lattice distortion for the parent compound using δ ab ≡ (a−b)/(a+b) ≈ 0.0013 representing the effect of uniaxial pressure. The x = 0.085 case is considered by applying a rigid band shift (about 58 meV for both the strained and unstrained models), and we perform calculations at the experimentally observed T (x=0) N = 140 K and T (x=0.085) N = 40 K. For BaFe 2 As 2 , we find the intensity at the Q strong magnetic position is enhanced by ∼100% in the model including lattice distortion relative to the zero-pressure (ambient) case, while at the weak position it is also enhanced but only by ∼50%. For BaFe 1.915 Ni 0.085 As 2 , the instability is significantly less pronounced even for stronger RPA interactions, and the susceptibility peaks are incommensurate, consistent with previous calculations [32] ; nevertheless, the trend is consistent with the BaFe 2 As 2 results, demonstrating an overall increase and symmetrybreaking favoring Q strong [SFig. 8(c) and 8(d) ]. The differences under pressure are shown in SFigures 8(e) and 8(f).
To better understand the role of Fermi surface nesting alone, we suppress the orbital matrix elements in the bare susceptibility, cf. Eq. 3 (we note that the distortion is very small, and rather different for the various hole and electron pockets in different k z planes, essentially prohibiting an analysis by inspection):
Using this expression, we find a roughly equal enhancement of ∼1% at both strong and weak Bragg positions, whereas with the matrix elements included, we find the symmetry breaking that is further enhanced by the RPA interactions. The results are summarized in Table I . With this information, we conclude that the increase in T N in both compounds is mostly due to an enhancement of the Fermi surface nesting condition under uniaxial pressure, while the changes in the orbital weights due to pressure account for the asymmetry between Q strong and Q weak .
